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A combination of experimental and theoretical studies on (N,S- (formate)Zt —PDF intermediaté.Analysis of the bonding
(thiolate))M"—formate complexes (M = Fe, Zn) suggests a rationale mode in this complex showed that the formate was coordi-
for the metal ion dependence of peptide deformylase. nated in an anisobidentate fashion. It was suggested that this

bonding mode, as opposed to a purely monodentate interac-
tion, might slow the displacement of formate by water in

On the basis of active-site structure (tetrahedral AE4is)- the final step of the catalytic cycle and account for the low
M''(OHy,)), conserved sequence motifs, and function (hy- reactivity of Zn—PDF. Following this argument, it was
drolysis), peptide deformylase (PDF) belongs to the mono- expected that the analogous (formaté)}FEDF would
nuclear zinc(Il) enzyme familyHowever, recent evidence exhibit a monodentate bonding mode.
shows bacterial PDF to be the first example of an iron(ll)  Recently, high-resolution X-ray structures of (formate)-
metallopeptidase, which hydrolyzes the formyl bond of the M"—PDF (M = Zn, Fe) from Chan and co-workers have
N-terminus of newly synthesized polypeptide$.Intrigu- revealed bonding motifs in contrast to our prediction;
ingly, the Zrd' form of bacterial PDF is dramatically less monodentate coordination was observed in the case 'bf Zn
active than the Feform, although their native structures are and bidentate coordination was seen fol .Edo further
identical?*~® The mechanism of this enzyme and an explana- address the question of geometric preference it-zand
tion of the metal-ion dependence are under investigation. Fd'—formate model complexes, we have synthesized and
PDF is also a target for new antibiotic agents, and therefore, structurally characterized the first iron(Hjormate complex
knowledge regarding its mechanism is of practical signifi- with thiolate ligation, (PyS)Fe/(O,CH) (1), and have
cance’ We are involved in the synthesis of Zmand Fé conducted high-level theoretical calculations on this complex
model complexes of PDF to gain a better understanding of and the related formate complexes (PATH)Zs08),
the mechanism and unusual metal dependence of thisPATH)Fe(QCH), and (PyS)Zn(Q:CH). Geometry optimi-
enzyme. zations, including calculations in which the potential energy

Previously, we reported the synthesis of (PATH)&Dy- surface was scanned with respect to one of the formate
CH) (PATH = 2-methyl-1-[methyl-(2-pyridin-2-ylethyl)-  oxygen-to-M distances, provide detailed information regard-
amino]propane-2-thiolate), a model complex of the putative ing the preferred bonding mode in these complexes. Although
lis not an exact replica of the enzyme, the trends discovered
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Table 1. Bond Lengths (A) of Fé— and Zd'—Formate Complexes from X-ray Crystallography and DFT Calculations

complex M-0(2) M—0(2) M—N(1) M—N(2) M—N(3) M—S(1)
(Py.S)Fe(QCH)? 2.073(4) 4.120(4) 2.144(4) 2.366(4) 2.161(5) 2.319(1)
(PATH)Zn(O;CH)? 2.005(2) 2.614(2) 2.054(2) 2.132(2) - 2.2552(6)
(PY,S)Fe(QCH)P (isomer a) 1.991 3.587 2.204 2519 2.186 2.330
(Py>S)Fe(QCH)® (isomer b) 2.257 2.175 2.297 2.285 2.208 2.383
(Py2S)Zn(Q,CH)P (isomer a) 2.030 3.630 2.120 2.568 2.146 2.298
(PY,S)ZNn(Q:CH)P (isomer b) 3.023 2.030 2.121 2.593 2.199 2.298
(PATH)Zn(OQCH)° 1.954 2.812 2.097 2.203 - 2.270
(PATH)Fe(QCH)? 2.090 2.320 2.149 2.272 - 2.316

aX-ray structure? Optimized structure from B3LYP/6-311G* calculations.

to —25 ppm, which is characteristic of a high-spin'Fe
complex, and the pattern of peaks is similar to that observed
for the complexes (B$)Fe X (X = Br, Cl).2° The IR data
for 1 in the solid state (KBr) exhibit a strong peak at 1630
cm ! assigned to the asymmetric stretch of the monodentate
formate ligand. A similar peak is found in the IR spectrum
of 1in CH;CN at 1625 cm. The NMR and IR data suggest
that the solid-state structure tfis retained in solution.
Attempts to synthesize the mononuclear zinc analogue of
Figure 1. ORTEP plot of (PyS)Fé (O-.CH) with 40% probability thermal 1 via commercially available Zn(§H),-2H,0 and PySH

elipsoids. led instead to the isolation of the dinuclear compi2x
Scheme 1 (Scheme 1). The X-ray structure d{Figure S1) shows that
b the PyS™ ligand is coordinated in the expected tetradentate
CM‘S \/;@ Fe!'(0,CH) E - fashion, and the formate ligand is coordinated in the open
- NT N | SV ‘\S\N/ site. However, unlike irl, the thiolate and formate ligands
Py,SH . A Nf “ | bridge to a second tetrahedral Za(@), unit. The distances
1. Za(BF,), n(O:CH: ) around each zinc ion are unexceptional, including the
JZ- NaO,CH _ H o Zn—N(amine) distance of 2.264(2) A. Suspecting that the
~ O/)Lo U (S\J A dinuclear nature of2 was a consequence of preformed
(F’; P70y N ? Zh /Zn o structures from the Zn(§TH), starting material, an alterna-
\|n\ — s |Qi> Ny \+ ‘<H tive approach involving self-assembly of Zn(BFH-O,
2 NaO,CH, and PySH was investigated. As seen in Scheme

1, this method did result in a different structural motif, but
the solvent under vacuum gives an orange solid which caninstead of a mononuclear complex, the trinuclear complex
be partly redissolved in toluene. Crystalslofvere grown 3 was obtained. The structure 8f(Figure S2) reveals two
from EtO/toluene, and an ORTEP diagram bfs shown  terminal (PyS)zr' units bridged by formate and thiolate
in Figure 1. The iron center is in a five-coordinate geometry jigands to a central, tetrahedral zinc ion. The terminal

with the formate ligand occupying the axial position opposite zinc(11) units exhibit typical five-coordinate geometries
the N(amine) donor. The N(pyridyhFe' and S-Fe! similar to that in2.

distances (Table 1) are in the normal range. The N(amine)
Fe' distance of 2.366(4) A is long, but is quite close to the

related complexes (Bg)Fe' X (X = Br, N(amine)-Fée' = . . .

Oy . : plexes, DFT calculations using B3LYP hybrid exchange-
2.387(1) A; X = Cl (22352(2) ').:\)'10 There is no obvious correlation functional and 6-311G* basis set were performed
reason for the elongathn of this bond in these 'complexes,on (PATH)M!(O,CH) and (PyS)M'(O,CH) (M = Zn, Fe).
ar_1d theoretical calcglatlons show_that gnother isomet of The X-ray structures of (PATH)Zn(CH) and1 were used
with a mbcl)re cpdnvgnftlonal FieN(gmllne)r(]jls:cance shzl)_uld l()je_ as starting points for the geometry optimizations of these
ilfa (;e“ss'mgn((;/éeit':t;a)‘.tlr:]tlgergsgng_yl’l t12e0 grnlg\ate d|gar_1 IS compounds, as well as for the hypothetical species (PATH)-

y . witt .(. )= 4. (.) andis in Fe(GCH) and (PyS)Zn(Q.CH), respectively. Selected in-
fact bound in an anti disposition. Analysis of the angles f tion for the optimized structures is qiven in Table 1
around Fe(1) { = 0.76) clearly shows the geometry is ormation ptmi " 9 S
The optimized geometries for (F§)M!' (O,CH) where M=

trigonal bipyramidaf! ;
, - Fe' or Zn'" both show monodentate bonding for the formate
1
TheH NMR spectrum ofl in CDiCN exhibits reasonably ligand (isomer a, Table 1), as found for the X-ray structure

sharp, paramagnetically shifted peaks over the rang@ of 1. However, the formate is coordinated in a syn, instead

(10) Krishnamurthy, D.; Sarjeant, A. N.: Goldberg, D. P.: Caneschi, A.; Of an anti fashion, causing the-MD(2) distances to deviate

To gain further insight into the geometric preferences of
mononuclear zinc(Ih-formate and iron(I-formate com-

;gtztérl;s ﬁtkharov, L. N.; Rheingold, A. LChem.-Eur. J2005 11, significantly from the X-ray structure of. The potential
(11) Addison. A. W.: Rao, T. N.: Reedjik, J.; van Rijn, J.: Verschoor, G. €N€rgy surface for these structures with respect to the

C.J. Chem. Soc., Dalton Tran$984 1349-1456. M—0(2) distance (3.84.0 A) is quite flat (Figure S3). At
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Figure 2. Geometry-optimized structure of (PATH)R®,CH) from ?.lSO indyces a pro>-<imi-ty effect by br.inging bOth reactants
B3LYP/6-311G* calculations. into the inner coordination sphere while proceeding through

a five-coordinate intermediate. If other factors are held
constant, the mechanism shown in Scheme 2b should lead
to higher enzymatic activity. Moreover, Scheme 2a produces
a monodentate formate product while Scheme 2b leads to
bidentate bonding. A possible explanation for the dramatic
reactivity difference between bacterial Zrand Fé—PDF
is that the iron(ll) enzyme operates through the more efficient
mechanism of Scheme 2b, while the zinc(ll) enzyme
functions through Scheme 2a.
We suggest that there is a distinct preference for a
Figure 3. Potential energy surffce of (PATHJND,CH) along the coordination number 4 by an N,S-ligated iron(ll) ion, while
b hae e o i e ) o s ™" @ ZInG() on in the same environment does ot show any
geometric preference. For (i8)Fée/(O,CH), the metal center
much shorter M-O(2) distances, another isomer is found is already five-coprdinate with amono_qlent_ate formate ligand,
(isomer b, Table 1). For M= Fé', isomer b is only slightly and _thus, the_re is only modest stabilization observed upon
lower in energy (1.2 kcal/mol) than isomer a but does exhibit MoVing to a bidentate formate. However, for (PATH){@-
a bidentate bonding mode. In contrast, for#zn', the CH), which most closely mimics the PDF active site, the
formate ligand in isomer b remains monodentate. Addition- F€' complexis significantly stabilized by a bidentate formate
ally, the M—N(amine) distance is much shorter in isomer b Ponding mode, giving a five-coordinate iron center. It has
for the Fe complex, while it remains relatively long for the Peen previously suggested that the! Zon in PDF exhibits
Zn complex. These calculations indicate that there is a @ preference for a four-coordinate environment, destabilizing

modest, but clear, preference for higher coordination numberthe five-coordinate intermediate in Scheme 2b and causing
with Fe' as compared to 2 the lower reactivity of bacterial Za-PDF3° We propose

Such a preference is significantly more apparent for that it is aninherent geometric preference of'Her a higher

(PATH)M'(O,CH) (Table 1). The optimized geometry of coordination number, which accounts for the much higher

(PATH)Zn'(O,CH) (Figure S6) is similar to its X-ray reactivity of Fé'—PDF as compared to Zn-PDF. _This
structure, which shows an anisobidentate bonding mode.Proposal assumes that the release of the formate ligand does

However, a distinct shift to bidentate coordination is seen NOt €nter into the rate-determining-step or that the bonding
in the optimized structure of (PATH)ID,CH) (Figure 2). mode does .not.affect the rate of relea_se, as previously
Quantitation of this effect can be seen in the potential energy Suggested. Kinetic and mechanistic studies of {B)M'
surface plots for (PATH)M(O,CH) versus M-O(2) distance mpdgl complexes are ongoing in our laboratory to support
(Figure 3). This curve has a much sharper minimum fdr Fe his idea®

than for Z{, and the equilibrium position for FeO(2) is Acknowledgment. This work was supported by the NIH

2.32 A, within bonding distance. The energy minimum for (Grant GM62309 to D.P.G.) and the NSF (Grant CHE-
Zn—0(2) = 2.81 A, although the relative energy changes CAREER-0448156 to Y.Z).

by only 0.5 kcal/mol as ZrO(2) varies between 2.2 and
3.3 A. Thus, there is a clear preference for bidentate bonding
of the formate ligand with iron(ll) and hence higher
coordination number, while for zinc(ll), the geometry is
flexible and there is no bonding mode preference.

The role of the metal ion in PDF, as in other hydrolytic 1€050995S
enzymes’ may in(.:!Ude aCtiyati.on of a \.Nater molecule to 2) Hegg, E. L.; Burstyn, J. NCoord. Chem. Re 1998 173 133-165.
furnish a nucleophilic hydroxide in proximity to the substrate (13) (a) diTargiani, R. C.: Chang, S. C.: Salter, M. H.: Hancock, R. D.:

Supporting Information Available: Experimental and com-
putational details and crystallographic data for compouhé3.
This material is available free of charge via the Internet at
http://pubs.acs.org.

(Scheme 2a) or electrophilic activation of botk@Hand the gogbtz(gT, D-_PJ,noFgg-C Ch§m2003 4% 5&2&%836. E(b)CG%ﬂberg,S

: . . . P.oarlarglani, R. C.; Namuswe, F.; Minnihan, . C.] ang, S.;
substrat(_a through coordination of the formyl group prior to Zakharov, L. N.: Rheingold, A. Linorg. Chem 2005 44, 7559-
hydrolysis (Scheme 2B%.1n the latter case, the metal ion 7569.
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